Abstract The effects of resin infusion process parameters on the mechanical properties of stitched or non-stitched composite laminates out of autoclave were studied using the design of experiment method. This method was chosen due to the complexity of the problem. The preforms used were laminates of multi-axial quasi-isotropic non-crimp fabric (NCF), either stitched or non-stitched. A literature review identified nine parameters as the key design-of-experiment factors: sewing; the number of NCFs; the number of highporous media; the interaction between the number of NCFs and the number of high-porous media; the mould temperature, injection temperature and cure temperature; the position of the preform; and, finally, the vacuum level. The mechanical properties studied and the morphological analysis carried out concerned the resistance in tension, compression and shear, the glass transition temperature, the thickness of the finished laminate, and the fibre volume fraction and porosity. The study revealed the best suited manufacturing conditions.
Introduction
When developing composite structures for the aerospace industry, the question of economic competitiveness needs to be taken into account. For this reason, special attention is being paid today to out-of-autoclave processes. While many technologies may prove viable [1, 2] , liquid resin infusion (LRI) was selected for this study. LRI seems to be one of the most promising technologies because it is easy to use. The process makes it possible to obtain composites of good quality [1] for the aeronautics field, through the use of stitching.
Understanding the link between manufacturing and mechanical properties (Fig. 1) is technologically interesting, in that it should enable improvements to be made in process control and help in establishing if parts manufactured under different process conditions are viable. However, the degree of dependence of the mechanical properties of composites on the process conditions is still only partially understood [3] [4] [5] [6] .
Variations in the final properties of these composite structures may be caused not only by the intrinsic properties of their components (type of reinforcements and resin) but also by the resin infusion process itself, by the position of the part in relation to resin entry and outlet or by the injection temperatures used during the manufacturing process. So there is a need to identify the LRI process parameters and to quantify their effects on the mechanical properties and material health of the composite part being manufactured. Therefore, an impact study of these structure and process parameters on the mechanical and morphological properties of infused composites was launched, using a design of experiments (DOE) approach.
Liquid resin infusion process
A non-crimp fabric (NCF) is an assembly of several unidirectional plies with different orientations (Fig. 2) . A preform is a fibre skeleton of the future part and can be made from non-crimp fabric.
The process of "liquid resin infusion" belongs to the family of liquid composite manufacturing processes, such as resin transfer moulding (RTM). This method has many variations [2] . Its basic principle is to infuse a dry fibre preform (Fig. 3) with a liquid resin through a high-porous medium by means of a vacuum pump (Figs. 4 and 5) . A high-porous medium (HPM) is a medium whose permeability is much greater than that of the preform. It speeds up the arrival of the resin along the surface of the part. The resin progresses by gravity through the thickness and simultaneously by pressure gradient through the length. To summarise, the resin infuses through the combined effects of vacuum, temperature and gravity with a velocity that varies during infusion.
Advantages
The use of dry preforms instead of pre-pregs is an advantage for the incorporation of reinforcement in the direction orthogonal to the plane. Stitching is used to improve the behaviour on impact and compression after impact of aerospace carbon/epoxy composite [7] . The infusion process allows the use of preforms strengthened in their thickness by stitching, with minimal in-plane thread damage.
The upper part of the mould is made of a plastic film (Fig. 4) . The use of this film makes this process relatively low cost (for tooling) in the manufacture of large structures, compared to other methods that use rigid metallic moulds. In addition, the use of NCF allows four (or more) plies to be draped simultaneously, which is obviously of great economic interest. The transparency of the film allows the resin flow to be viewed and also enables the use of infrared heating. It is a process for manufacturing high-performance composites, particularly for the aerospace industry, allowing high fibre volume contents (60 %) to be obtained.
Drawbacks
The major drawback of the process, resulting from the use of a flexible cover, is the difficulty in controlling the thickness of the manufactured part. Another drawback could also 
